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Z\lOm[ ¯ tilmZ lGoY[BEnY[n[¶gulËgiVY[BlwguV[tC°¾·Ë[klmoeupq~f[t\guVY[B[¸fVrmnehgipm[Beu[tiEpqk[¥~fpqeikp}YpoY[B¡VY[ti[
giVY[#eu[tim[t+eu[tim[je+r EnY[jnY[nYoGgip	pg1[Z\}fgip[je+[ ¯ lmti[e¡pgikVYpoY gul guVY[#oY[¸dgxEnY[jnY[#rme¡¨[jrmeWgiVY[
ErOgu[C~\~fpeikp}Ypo[+¡VY[ti[lmoYc©knegulGZ©[jtie0}Yti[jeu[oEgMnY}lGo©giVY[1rwtitipwrwdl ¯ giVY[1eu[tim[tMrwti[+e[jtum[C~³°U	¡¨l
eucfehgi[Z eMrmtu[+ehgin~fp[j~ glGoY[po ¡VYpqkiV lmguV9EnY[nY[CeMrmtu[+eu[tim[j~©[¸fVrwnegupm[jc-rmo~©lGoY[po ¡VYpqkiV lGoY[
EnY[jnY[1pqe§e[tim[j~ [¸fVrmnehgipm[jc\rmo~\giVY[xlwgiVY[t§rGkklGti~YpoYgul#guVY[xErOgi[j~9~fpqeukp}YpoY[m°{^xnYt§rmorwcEgupqkrm
ti[jeunYgieWrwti[1guV[o¶neu[j~9gil\ehgin~fc9odnYZ\[tipkjrwc\giVY[pZ\}rGk×gl ¯ klGtuti[qrOgi[j~9eu¡p¤gkVYl®m[jt¨gupZ\[jeWlmogiVY[






giVY[ti[rmtu[G¹fgiVY[lGoYm[t+lGoY[VrGeWgil9¡§rwpg1[ ¯ lGtu[T[jporwY[gilkrw}YgunYti[giVY[#kVrwooY["oY[Ck[Ceueirwtic gul
ª>tu[®­ÂgutrwoTeZ\pg{~rOgir°_I¦o }rmtgipknYrmtj¹mp ¯ lGoY[+Vrme0gil¡§rwpg¨rlmoYgupZ©[1[ ¯ lmti[[jpoY#rmY[WgilgitirmoeZ\pg
~Yrwgir¹"guV[opg#pqem[tic«pÃm[jc«giVrOg#guVY[jtu[rwti[ Z\rmoEcneu[terwtilmnYoT~Ërmo~giVrOggiVY[9o[¸dggupZ\[9lGoY[
VrGe-gul»¡§rwpg lmok[¥rwGrmpo ¯ lGt rlmoYË}[tiplf~l ¯ gupZ\[m°¿½lmt©guVpe\ti[jrGelGogiVY[BklGtuti[qrOgiplmo l ¯ giVY[
 ÏÑØ®ÛÎÔCë"ÌâOÎÜÛÎÐÑÔ>ÛÎéCèÖwÛhÛhØCà²ÛhéÝ±Õ\à>ÝCéCè9Ý±â®ÛÏÑÍáOÎò¦ÝÕäMòhÕ×Ô>Ô±ÛhÐãÎiÝ²ÏÑÕ×Ø¶Õ×äÝ±â®ÛÐÑÕ×à²àá®Ô>ÕòÛhà±àxÕ×Ø å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°G9ª>°HGC­W¡VYpqkVB[jrG~YeWgil guV[#~Y[tipwrOguplmo¥l ¯ r odnYZ#[txl ¯ }[jt ¯ lGtuZ rwok[Z©[CrmeunYtu[Cepoeu[jk×giplGoB° 
ª>°Ñm­×¹l ¯ ¡VYpqkiVBZ\lEehg1oYlwgrwYc9giVY[[¸d}[Ck×gu[C~¶¡WrwpgupoY\gupZ\[je1rmo~¥EnY[jnY[[joYwgiVe+poeu[jk×giplGoBY°Ñf° 
ª>°Ñf°^w­×°0UWVY[}[jt ¯ lGtuZ rwoTk[xZ©[CrmeunYti[je§rwti[xneu[j~9guV[o¶ne[C~poguVY[[¸YrmZ©}[Ce¨l ¯ eu[jkguplmo¥gul\euVYl®¡
giVY[poY¼nY[oTk[l ¯ klmtiti[qrOgu[C~eu¡p¤gkiVl®m[jtWgipZ\[jej°W½pormcG¹klmoknTeplmoe+rwti[Gpm[jo¥poeu[jk×giplmoBY°§U	l
rmp~giVY[tu[Crm~f[jtj¹fr©peg+l ¯ oYlmgirwguplmoeWpqeWGpm[jo¶rm}Y}[o~fp¸¶z°
   \,¶+ 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·Ë[[¸YrwZ\poY[giVY[}lmpoY\l ¯ gh¡¨l EnY[jnY[jej¹Yp±° [m°MlmoY[EnY[nY[pqeeu[tim[j~¶r ¯ gu[jt¡VYpqkV¶guVY[lmguVY[jt+EnY[nY[
pqe{eu[tuG[j~³°1lpZ\pg{pqe{eu}[jkp¤¬[C~ ¯ lmtMguVY[1[oYwgiV l ¯ [pguV[t¨EnY[jnY[m°y ¯ gu[jt§e[tidpoYEnY[jnY[
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[jtuGlf~fpqkxpoehgi[jrG~l ¯ giVY[nenrmÀp±° p²° ~À°¹Trmo~¶}lGeiepYc~f[j}[o~f[joGg1lGo¶[CrmkV¶lwgiVY[tC°{UWVYpqepZ\}Yp[jeguVTrOg
giVY[ti[9krmo»T[rBklGtuti[qrOgiplmoËT[g¦¡§[[o»giVY[e¡pgikVYlOm[tgipZ\[Cel ¯ guVY[ gh¡¨lEnY[jnY[je#rwo~#`Olmt¡pguVYpo



















rmo~guVY[ ecfegu[jZpeegirmY[HG/Jf¹À}rwG[\wG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i = 1, 2
­
ci(n) =IE[V0,iVn,i] − IE[V0,i]IE[Vn,i], n ∈ N,
ª G®­








c21(n) := IE[V0,2Vn,1] − IE[V0,2]IE[Vn,1]
¹eupoTk[ no~f[t-ehgrOgiplGorwticti[mpZ\[\pg ¯ lml®¡+eguVTrOg
c21(n) = IE[V0,2Vn,1] − IE[V0,2]IE[Vn,1] = IE[V−n,2V0,1] − IE[V−n,2]IE[V0,1] = c12(−n)
° I¦o
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i + ci(n), i = 1, 2, n ∈ N,
ª>GrG­




























IE[D2i ] = d




































=d2IE[N2] + (d(2)−d2)IE[N ].
ª²m­
adpZ\pqrwticm¹
IE[N 2n,i(T )] =
∫ ∞
0









2] + λiIE[T ].
ª±G­
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, i = 1, 2.
ª ^OT­
ë	ë&Øihjklm





































Y = Nn,i(T )
¡¨[lGfgirmpo»ª
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¡§rmp¤gipo©poguVY[EnY[nY[G°0½tulGZ%VY[ti[lGoguV[ ¯ lGl®¡poY\egu[j}e§girmÃm[}Yqrmk[\ª±e[j[½pmnYti[ G ¯ lmt+r-dpqenTrw
ti[}Yti[jeu[oEgirOgiplmol ¯ guVYpqe+~f[CklmZ\}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time Vof duration Dn,1 n,1 n,2 n,2
















Cn =Dn,1 + Vn,1 +Dn,2 + Vn,2.
ë	ë&Øihjklm
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In,i
rmo~pqeWGpm[jodc
In,1 = Vn,1 +Dn,2 + Vn,2,
ª GCmrG­
In,2 = Vn,2 +Dn+1,1 + Vn+1,1.
ª Gjw­
y af|+zQ¡p[-[CehgrwYpeuVY[C~ ¯ lmtxgiVYpeEnrwoEgupg¦crmo~B¡§[-¡p0e[j[giVrOgp¤g}Yqr®cderk[oEgutrwtulG[ ¯ lGt




































adpoTk[guV[Yneuc}[tiplf~Yerwti[eunYZ el ¯ e[jtudpqk[gupZ\[jej¹fguV[~fpdpeuppp¤ghc}YtulG}[tug¦crmeul©Vlmq~Ye ¯ lGt
Dn,i
°MUWVYpqeWZ\[Crwoe§giVrOg ¯ tilmZ ª>eunYegupgunfgi[GcGpoGgil GCmrE­








¹¡¨[eu[[«r af|1zµª±rme9}Yti[jeu[oEgu[C~¢rwo~¢eulmm[C~ ¯ lmt¶ehgrOguplGorwtic [timlf~fpqkBeu[jEnY[ok[je9po GJ­
rmtupqepoYT°y+guVYlGnYmV9guV[eucdegu[jZ pe{gh¡¨l©~fpZ©[joeuplGorwª>rme{guV[ti[xrmtu[+g¦¡§l-EnY[jnY[je­×¹EguVY[tu[C~fnk×giplmo gul
r\lGoY[~fpZ\[oeuplmorm	af|+z¢pe1r\Ãm[jc[j[jZ\[oGgxpoBlGfgirmpoYpoY [¸d}pqkpg ¯ lmtiZ#nYqrme ¯ lmt+guVY[}[jt ¯ lGtuZ rwoTk[
Z\[jrGenYti[jej°
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In,1
¡VYpqkV»eirOgipe¬[je ª GCG­xpqempm[oËpoËguVY[ ¯ lGl®¡poY
giVY[lGtu[Z ¡VYpqkiV¥pe}Ytil®m[jopo¥y1}Y}[o~fp¸¥y°

 > ÅdÉ  Å  9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   
ρ < 1
 8  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  
I¦o«guVY[©oY[¸dgklmnY}[-l ¯ e[Ck×giplGoe1guVY[-¬tegxgh¡¨lZ\lmZ\[oEgiel ¯ wrwtiplGne1}[t ¯ lmtiZ\rmok[#Z\[jrGentu[jex¡p
[~f[jtupm[j~À°MaEgirmtgipoY\¡p¤giVguV[¬tehgWgh¡¨l\Z©lGZ\[oGgeWl ¯ guVY[poEgu[jtudpqepgWgupZ\[l ¯ guV[¬tehg+EnY[n[m¹f¡¨[
eu[[©guVrwgrw0l ¯ guVY[ lwguV[tEnrmoGgip¤gip[CekrwoË[jrmeupc[\[¸f}Yti[jeie[C~pogu[tiZ el ¯ giVY[\poGgi[tidpeupggipZ\[G°
_¥lEehg¨pZ©}lGtgrwoEgucm¹EklEe[C~ ¯ lmtiZ [¸f}Yti[jeieplmoe ¯ lGtMgiVY[xr®m[jtirmm[W¡§rmp¤gipogipZ\[rwo~\guVY[xZ\[jrwoEnY[nY[
[oYmguV¶¡pÀ[~f[jtupm[j~pogiVY[}Yti[jeu[ok[l ¯ klmtitu[jrwgu[j~e¡pgkiVYlOm[tWgupZ©[Ce°
9 3* +-  Å 1E.J0.ð 
 .  Å
UrwÃdpoY-giVY[[¸f}[jkgirOgiplGol ¯ guVY[eiEnrwti[l ¯ ª GjE­¨mpm[je
IE[I2n+1,1] =IE[An(In,1)]
2 + IE[B2n] + 2IE[An(In,1)Bn].
ª GjE­
UWVYpqe[¸f}Yti[jeieplmope+k[oEgutrw;gil©guV[}Ytuldl ¯ l ¯ giVY[ ¯ lmlO¡poY-giVY[lGtu[jZ¥°
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, ρ := ρ1 + ρ2, i = 1, 2.
ª G^m­































(1 − ρ1)(1 − ρ2)
, β :=
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c1(j) = c2(j) = 0
  2	
j ≥ 1
& Z ( 2	
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i = 1, 2
­×°{UWVY[eu[jklmo~Z\lmZ\[oEg ¯ lGlO¡+e¨giVYtilmnYGV¶eiGnTrwtipoYT¹
IE[(L∗n+1,1)
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δ1
ÎØ®é δ2 dÎà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 i = 1, 2.
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IE[Ls,i] =λiIE[Wq,i] + ρi, i = 1, 2. 
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IE[Ws,i] = bi + IE[Wq,i]




































IE[Wq,i] =(1 − ρi)
IE[I2n,i]
2IE[In,i]
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i = 1, 2
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ρ̂ = λd < 1/2
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(1 − ρ̂)4 − ρ̂4
(1 − ρ̂)2
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1 − 3ρ̂+ 3ρ̂2



















IE[Ls,1] = λIE[Wq,1] + ρ̂
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η := (1 − ρ1)
2 − ρ22
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In,1 = Vn,1 + Sn,2 + Vn,2.







IE[I2n,1] =IE[(Vn,1 + Sn,2 + Vn,2)
2] = δ21 + δ
2
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(1 − ρ)(1 − ρ1 + ρ2)
+
2ρ2(1 − ρ1)(1 + ρ2)









1 − ρ1(2 − ρ)


























































(1 − ρ1)2(1 − ρ)
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c2(j) + ρc12(j) +
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IE[Ls,i] =λiIE[Wq,i] + ρi, i = 1, 2.
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i = 1, 2
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3 − 4ρ̂+ 4ρ̂2
)
c(j) +










IE[Ls,i] = λIE[Wq,i] + ρ̂, i = 1, 2.
ª±mG­
        #   
  	  
     
       
	          




WW* C . - . ÅC"Å 1 Å     Å  Å¥È .ð >  É ® Å .Jf Å ÊYmY/. É - 































pqeWpo~f[j}[o~Y[oGg+l ¯ guVY[klmtitu[jrwguplmo9[g¦¡¨[j[oguV[OrGkrOgiplGoe  UWVYpqeWtu[Cen¤g¡§rme§}Yti[dplmneuc\}lGpoEgu[j~
lGnfgpo HGm¹À}rwtrwGtirO}V«Y° 0¡VYpqkiV»krwnTe[Cexpggil¥klGtuti[jeu}lmo~¥gilguVY[\[¸d}tu[CeueuplGo ¯ lmtgiVY[\[¸f}[jkgu[C~
¡§rmp¤gipo©gupZ©[nfg+¡pguV¥p±° p²° ~À°0OrGkrOgiplGo9gipZ\[Ce  mf¹Y}rwG[ G®wÂ°
^xoËgiVY[9lmguVY[jtVTrwo~³¹EcgunYtioYpoYlwºSguVY[9¬tehg-EnY[jnY[9poguVY[[¸fVrmnehgipG[`®ErOgu[C~Ëecfegu[Z¥¹¡¨[
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ρ̂ := ρ1 = ρ2
­¨¡§[eu[[giVrOg











¡VY[jtu[giVY[¬tehggu[tiZ lmogiVY[tipGVGgVrmo~¶eupq~f[pqe§giVY[Z\[jrmo¶[joYwgiV¶l ¯ r\e[jtudpqk[}[tiplf~ËªJ¡VYpqkV¥pe
giVY[eirwZ\[ ¯ lmtguVY[[¸fVrmnegupm[rwoT~giVY[GrOgi[j~¥e[jtudpqk[ecfegu[jZ\e­×° I ¯ giVY[ti[pe+oYl9klGtuti[qrOguplmoÀ¹dguV[o
pgWpqe¨¡§[;ÃdoYl®¡o9giVrOg§giVY[[¸d}[Ck×gi[j~¡§rwpgupoY#gipZ\[po¶rwo[¸fVrwnegupm[jc eu[tim[j~EnY[nY[pqe¨[jeie{giVrwo
giVrOgxpo«r Grwgu[j~Beu[tidpk[j~¥EnY[jnY[m° I¦oBguVY[#}tu[Ce[jok[l ¯ klmtiti[qrOgu[C~wrmkrwguplmo¶gipZ\[je1guVYpqex~fpº;[ti[ok[
pqeWqrwtim[jt§Ynfg1tu[jZ\rmpoTeWr\eunYti}YtupqeupoYGc9eupZ©}[[¸f}Yti[jeieplmo"°
WW 3 BÉ - .>Ê Å - 0.Jm .    Å  Å 
UWVY[\~fpº;[ti[ok[-[g¦¡§[[o«giVY[©¡WrwpgupoYgipZ\[jerOgguV[-gh¡¨l¶EnY[jnY[jepqe ¯ lmnYo~«dceunYfgitirGk×gupoYËª²mO­
¯ tilmZ ª±mmrG­{gul\Gpm[




ρ(1 − ρ)(1 + ρ2)δ21
R(1 − ρ1 + ρ2)
+
ρ
















ρ(1 − 2(ρ1 + ρ2ρ))δ
2
1
2R(1 − ρ1 + ρ2)
+
ρ





















1 − 2(ρ1 + ρ2ρ) > 0
¹
rmo~
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[©eVl®¡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lGt1p ¯ guVY[©ecfegu[jZ.pexVY[jr®dpc
lGrG~f[j~³°
W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rmtutipdpoY©rwgWguVY[ErOgi[j~lmt+rOgWgiVY[[¸fVrmnehgipm[EnY[jnY[pqe
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pgikVYlOm[t
gipZ\[je§rmtu[+[CGnTrwgul#j[til° M c\lflmÃdporwg{guVY[x[¸f}Yti[jeieuplGoe ¯ lGtMgiVY[x[¸f}[jkgu[j~9¡§rwpgupoYgupZ\[jeªJ[CGnTrOÁ
giplGoSª±Gm­­¹;¡§[©eu[[#guVTrOgguVY[©OrmtupqrwoTk[jexrwo~ ª±ktilGeiei­1klmtiti[qrOguplmoe+l ¯ guVY[\eu¡p¤gkiVl®m[jt1gupZ\[jeZ#neg
Gl ¯ rmegu[jt§gul\[jtul-guVrmogiVY[Z\[jrwo¥e¡pgikVYlOm[t§gupZ©[Ce~fld[CeWepok[lwgiVY[ti¡pqe[xguVY[[¸d}[Ck×gi[j~¡WrwpgupoY

































IE[Wq,2] − IE[Wq,1] =
ρ
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_¥lmti[~fpqeukneieplmoe+lmo¥guVY[-~fpº;[ti[ok[Ce1rwtipqepoY9~fnY[gul giVY[-e[jtum[jt[jVrCdplmnYt1kjrwoB[ ¯ lGnYo~Bpo
giVY[[¸YrwZ\}Y[jeWl ¯ giVY[oY[¸Eg1eu[jk×giplmoÀ°
ïðíëÀï
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I¦o¾giVY[ ¯ lGlO¡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[jt9l ¯ [¸YrmZ\}Y[Ce\po¿¡VYpqkiV¿guVY[«e[CEnY[ok[je
l ¯ e¡pgikVYlOm[tgipZ\[Cerwti[\klGtuti[qrOgu[C~³°\UWVY[9klOOrwtipqrwok[ ¯ nok×giplGoe¡pM[9krwqknrwgu[j~[¸f}Ypqkpgu[c
r ¯ gu[t¡VpkV¿giVY[[º[Ck×gl ¯ giVY[klmtiti[qrOguplmo¾lmo¿giVY[¡WrwpgupoYgupZ©[Ce¡p1[ehgin~fp[j~³° I¦o£rm1l ¯
giVY[¥[¸YrmZ©}[Ce-guVY[B[¸f}[jk×gi[j~S¡§rwpgipoYËgupZ©[Bl ¯ rËknegulGZ\[t rwtitipdpoYrwg©giVY[¶¬Ttieg EnY[jnY[¥l ¯ giVY[
[¸dVTrwnegupm[`O[¸fVrwnTehgupm[ecfegu[Z%pqeWmpm[odc«ª±mG­¹d¡V[tu[Crme§pogiVY[[¸dVTrwnegupm[`OGrOgu[C~ecfegu[Z giVY[
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]¨lGoepq~f[trxeu[jEnY[jok[¨l ¯ eu¡p¤gkiVl®m[jt"gipZ\[je¡V[ti[{guVY[jtu[§peoYlklmtiti[qrOguplmo[g¦¡§[[o#giVY[Weu¡p¤gkiVYlOm[t




­×°  À[gguVY[ po~Ypdpq~fnrw{e[CGn[ok[©l ¯
eu¡p¤gkiVl®m[jt§gupZ\[je}[t1Gn[nY[eurwgupqe ¯ c
Vn+1,i = xiVn,i + (1 − xi)εn,i, i = 1, 2,
ª²wE­
¡VY[jtu[

















lGoY[\giVY[klmtiti[qrOguplmoËpqeZ rO¸fpZ\rm±°¥1lwgipk[ guVrwggiVY[ti[9[¸fpqehge#rBegirwguplmormtuc«[timlY~fpk e[CEnY[ok[ l ¯
eu¡p¤gkiVl®m[jt¨gupZ\[jeW¡VYpqkiV¥eurwgupqeh¬[Ceª²wE­×° M c\girmÃdpoY-guV[[¸f}[jk×grOgiplGopg ¯ lGlO¡+e{giVrOg
IE[Vn+1,i] =
xiIE[Vn,i] + (1 − xni )ε̄i
° LxnY[¶gulgiVY[¥egirwguplmormtupghcËl ¯ guVY[¥}YtulYk[jeie




¹Wrmo~ giVY[ti[ ¯ lGtu[
vi = ε̄i






n,1] + (1 − xi)
2IE[ε2n,i]
+ 2xi(1 − xi)IE[εn,i]IE[Vn,i].
LxnY[gul\guVY[egirwguplmormtupghcª
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[t+l ¯ gipZ©[Ce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EnYpqkÃEceu[[joguVrwg
Vn,i =x
n













0,i] + (1 − x
j














i + (1 − x
j
i )ε̄ivi − vi
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+nYZ\[tipqkrwY[¸YrwZ\}Y[je0l ¯ giVY[+pof¼nY[oTk[+l ¯ giVY[1klGtuti[qrOgiplmo©lmo©guV[+[¸f}[jk×gi[j~\¡§rwpgupoYgupZ\[je{kjrwo
[ ¯ lmnYo~¥poB½pmnYti[#f°WadVYlO¡o¥po¥[CrmkV¶l ¯ guV[¬mnYti[jepeguV[[¸f}[jkgu[j~¥¡§rwpgupoY\gipZ\[#~fpdp~f[C~¶dc
















x1 = x2 = 0
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ErOgu[C~¥EnY[n[m° I¦orG~Y~fp¤giplmo¥gul giVYpej¹T¡¨[#eu[[ ¯ tilmZ.½pmnYti[#©giVrOgxpoBpmVGgiclGrm~Y[j~¥eucfehgi[Z e
giVY[+ErOgu[C~\EnY[nY[#ªOm­0enYº[jtieMZ\lGeg ¯ tilmZ klmtitu[jrwgu[j~©eu¡p¤gkiVl®m[jt0gupZ©[CeM¡VY[jtu[Crme0po9VY[jr®dpc
lGrG~f[j~#gitirU9k§lmguV EnY[jnY[jeMrmtu[W[º[Ck×gi[j~BªJti[qrOgupm[cY­[jEnrwcdc#guVY[1klGtuti[qrOgu[C~-eu¡p¤gkiVYlOm[t
gipZ\[jej°
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]¨lGoepq~f[tr e[CEnY[ok[l ¯ e¡pgikVYlOm[t9gupZ\[je¡VpkVQeurwgupqe ¯ cSgiVY[ ¯ lml®¡poY egulfkVrmegupqkBtu[CknYtepm[
ti[qrOgiplGoeVp}








IE[F2n,i(T )] = x
(2)
i IE[T
2] + yiIE[T ]
°=R1[ti[
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¬GnYtu[Ce+euVYl®¡ giVY[oYlGtuZ rmp[C~¡§rmp¤gipoY\gipZ\[je ¯ lmtC¹tu[Ce}[Ck×gipm[jcG¹fgiVY[[¸fVrwnegupm[EnY[jnY[ª O G®­Wrmo~
giVY[GrOgi[j~¶EnY[nY[9ª OG­¨po¶guV[[¸fVrwnegupm[`OGrOgi[j~eucfehgi[Z¥°
ïðíëÀï
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¡VYpqkVSrwti[klmZ\}Y[gi[c»pq~f[oEgupqkrm¨gul¾ª±mE­  »UWVYpqe-Z\[Crwoe#guVTrOg©p ¯ giVY[¬tieg-gh¡¨lZ©lGZ\[oGge-l ¯ giVY[
eu¡p¤gkiVl®m[jtgupZ©[Ce-rmtu[9Ãm[j}fg#¬¸d[C~¡VYp[wrwticdpoY











Vn+1,i = xiVn + εn,i
¡V[ti[




pe+r©}lGeup¤gipm[eu[jEnY[jok[l ¯ p²° p±° ~³°0wrwtiprmY[jej°
        	  !















c2(j) =IE[V0,2Vn,2] − IE[V0,2]IE[Vn,2] = IE[V0,1Vn,1] − IE[V0,1]IE[Vn,1] = c1(j) = x
jδ21
c12(j) =IE[V0,1Vn,2] − IE[V0,1]IE[Vn,2] = IE[V0,1Vn,1] − IE[V0,1]IE[Vn,1] = c1(j) = x
jδ21
c12(−j) =IE[V0,2Vn,1] − IE[V0,2]IE[Vn,1] = IE[V0,1Vn,1] − IE[V0,1]IE[Vn,1] = c1(j) = x
jδ21
pZ\Z©[C~fpqrOgu[jc ¯ lGlO¡°0UWVYpqeWZ\[jrmoe§giVrOg#ª
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1 − ρ1(2 − ρ)
ρ2
)
(1 − ρ) + 2ρδ21 .
U"lBm[gr ¯ [[jpoYBl ¯ giVY[ pZ\}rmkgl ¯ guV[9ktulEeueklmtiti[qrOguplmoÀ¹³giVY[ [¸d}[Ck×gi[j~Ë¡§rwpgupoY¥gupZ\[je#rwti[
}Ylwgugu[C~po¾½	pGnYtu[¶ ¯ lGt-wrwtiplGne#eu¡p¤gkiVl®m[jt#gupZ©[¥~fpqehgitupYnfgiplmoe©rwoT~»gitirU9k9lGrm~e°adVYlO¡o po













aEgutipÃdpoYËpqe©guV[¥pZ\}rmk×g9l ¯ guVY[ktilGeie©klGtuti[qrOgiplmo lmoSguVY[B¡§rwpgipoYËgupZ\[jej°¿½lmt\[¸YrwZ\}Y[m¹¨p ¯





(1 − ρ2(1 − α))ψδ
2
1
rmo~ ¯ lmt giVY[[¸fVrmnehgipG[`®ErOgu[j~







l ¯ gi[oel ¯ }[tk[joGgexpogiVY[©[¸f}[jkgu[j~¡WrwpgupoYgupZ©[G° M [Cepq~f[je1giVYpej¹Àrwl ¯ guV[©klmokneuplmoe1Z rm~Y[
po9guVY[x¬tehg§[¸YrwZ\}Y[xrmeul#VYlmq~ V[ti[m¹E¡pguVguVY[[¸Yk[}Yguplmo giVrOg§guVY[poTkti[jrmeu[+po[¸f}[Ck×gu[C~ ¡WrwpgupoY
gipZ\[krmo¶nY}gil r ¯ rGk×gulGt+Y°
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(2) ° I¦o¶guVpe1krGe[giVY[ti[per#rmtuG[1klGtuti[qrOgiplmo [gh¡¨[j[o9giVY[1gh¡¨l©eu[jEnY[oTk[jej¹EYnfgWpg§pqe¨oYlwgrme¨egutilmo#rme¨po[¸YrwZ\}Y[x°M^xoTk[
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­WrwoT~giVY[¬GnYtu[CeWlmogiVY[lwgugulGZ tulO¡ rmtu[nYo~Y[t+VY[jr®dc gitirU k¡p¤giV
bi = 1.2ª
ρ = 0.96
­×°UWVY[¬Ttieg\klmnYZ\o l ¯ ¬mnYti[je-klmtitu[Ce}lmo~Ëgil«guVY[¶[¸fVrmnehgipm[	`®[¸dVTrwnegupm[9eucfehgi[Z¥¹
¡VY[jtu[Crme\giVY[eu[jklmo~¢rwoT~¾guVYpt~¢klmnYZ\o¢l ¯ ¬mntu[Ce9euVYlO¡&giVY[«oYlGtuZ rwp[j~¿¡§rwpgupoYgipZ\[Ce ¯ lmtC¹
ti[jeu}[jk×gipG[cm¹guVY[-[¸fVrwnTehgipm[#EnY[jnY[ª O GC­+rwo~¥guV[#Grwgu[C~BGn[nY[ª OG­WpoBguVY[-[¸fVrmnehgipG[`®ErOgu[j~
eucfehgi[Z¥°
ë	ë&Øihjklm
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rmGrwpoË¡¨[ ¡p¨~f[jtupm[ rmoË[¸f}Ypqkpg#[¸f}Yti[jeieplmo ¯ lGtguVY[9[¸d}[Ck×gu[C~Ë¡§rmp¤gipoY¥gipZ\[jej°¶zMEnrOgiplGo¢ª>mE­
kjrwo¶[ti[¡tipggu[jo¶rGe
Vn,1 =xVn−1,2 + (1 − x)ε2n
Vn,2 =xVn,1 + (1 − x)ε2n+1.
IÂgi[trOgupoY©g¦¡pqk[mpm[je
Vn,1 =x















































¯ lGl®¡+e ¯ tilmZ%guVY[egirwguplmormtupg¦c9l ¯
Yn
¹Yp²° [G°









c1(j) =IE[V0,1Vj,1] − IE[V0,1]IE[Vj,1] = x
2j
(










¯ nYokguplmo ¯ lGt
j ∈ N
pqe















V 20,1] + xIE
[




c12(−j) =IE[V−j,2V0,1] − IE[V−j,2]IE[V0,1] = IE[V0,2Vj,1] − IE[V0,2]IE[Vj,1]
=IE[V0,2 ·
(
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UWVY[¡§rmp¤gipoY©gipZ\[Ce+rGe+r ¯ nok×giplGo¥l ¯
x
rwo~ ¯ lGt1~fp¤º;[ti[oEgxe¡pgikVYlOm[tWgipZ\[#~fpqehgitupYnfgiplGoe+krmo





·Ë[Vr®m[+ehgin~fp[j~-giVY[+}[t ¯ lmtiZ\rmok[Wl ¯ rwgu[jtuorwgupoYmÁ²}YtiplmtupghcEnY[jnY[je0¡pguV m[tic¡¨[CrwÃ-rmeienYZ\}fgiplmoe
lGoBgiVY[\e¡pgikVYlOm[t1gipZ\[\eu[jEnY[ok[jej´³rm¡§[©rmeieunYZ\[#pqe1guVrwgguVY[Ce[©eu[jEnY[jok[Cexrmtu[-egirwguplmormtuc¶[jtÁ
Glf~fpqkw°_I¦oeu}Ypgu[xl ¯ giVYpqe¨m[joY[trwp¤ghc-¡§[1¡¨[jtu[xrw[+gil-~f[jtupm[1[¸f}Ypkp¤g§[¸d}tu[CeueuplGoe ¯ lmt{giVY[x[¸f}[jkgu[C~
¡§rmp¤gipoBgupZ\[je-rmo~»odnYZ#[t-l ¯ knegulGZ\[tepo[jrGkiVEnY[jnY[m°«UWVY[[¸f}Yti[jeieplmoelGfgirmpo[j~»poEmlmm[
giVY[-¡¨[pmVEgu[C~eunYZl ¯ rwklGtuti[qrOgiplmoTe¡VY[jtu[giVY[-¡¨[jpGVGgie~f[jktu[Crmeu[[¸f}lmoY[joGgiprmc ¯ rmegxgul[til°
·¢pguVguVY[VY[}l ¯ lmnYt¨[¸f}Ypqkpg§[¸d}tu[CeueuplGoej¹m¡¨[egun~Yp[C~9oEnYZ\[tipqkrwc-giVY[xtilm[+l ¯ klmtitu[jrOgiplGo rmo~
ErCm[[¸frmZ\}Y[Ce¡VY[ti[guVY[jc¶rm~Y~¥nY}¥gul Em gul guVY[[¸d}[Ck×gi[j~¶¡WrwpgupoY\gupZ\[jej°§UWVYpqeVrGepZ\}lGtÁ
grwoGg1pZ\}YpkjrOgiplGoe ¯ lGt#ª>rG~dÁÂVYlfkj­§o[gh¡¨lmtiÃfeW¡VY[jtu[#r klGZ\Z©lGoBklmZ\Z#nYopkjrOguplmoBkVrmoYoY["pqe1eVrmtu[C~
rmZ©lGoYGegWr©oEnYZ#[tl ¯ neu[teWrwo~guVY[odnYZ#[tl ¯ neu[te§[gh¡¨[[jo¶klmoeu[jknfgupm[~YrOgr#gutrwoTe ¯ [jtieWrwti[
klmtitu[qrOgi[j~³°
 %/ +$&,¶+4 +#6
UWVYpqeW¡§lmtiÃ ¡§rGe§}Trwtuguc ¯ nYo~f[C~¶Ec9giVY[z S1|+^ %]IW+[g¦¡§lmtiÃ9l ¯ z¸Yk[j[oTk[m°MUWVY[rwnYguVYlGtie§¡§lmnYq~
pÃm[0gulguVrmoYÃ]S+tipM[CkiVYpqrwp ¯ lmtÀ}Ytildl ¯ tu[Crm~fpoY¨guVY[MlGtupmporm®Z rmoEneiktip}Yg"rme³¡¨[jGrmeELrwop[j[¨_¥plmtrwo~fp
¯ lGtVYpe+~fpqeukneieplmoeWlmo¶}lGpo\eucfehgi[Z ej°
ë	ë&Øihjklm
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h8$!)&\UWVY[\[¸f}[Ck×gu[C~¡§rwpgupoYgipZ\[ ~Ypdpq~f[j~



















oYlGtuZ rmp[C~¶¡§rwpgupoY gupZ\[je ¯ lGtj¹Tti[jeu}[jk×gipm[jcG¹YgiVY[#[¸fVrmnehgipm[#EnY[jnY[ªO GC­rmo~¶guV[#GrOgi[j~BEnY[nY[
ªOm­¨pogiVY[[¸fVrmnehgipm[	`®ErOgu[j~ecfegu[jZ¶°
ïðíëÀï
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UWVY[{}Ytulfl ¯ l ¯ UWVY[lGtu[jZ ° W¡pmZ rmÃm[0neu[0guV[ ¯ lGl®¡poY[Z\Z r  Y¹®s0tilm}lEepguplGoe³° +rwo~Y° AG HGjd¹
}À°ÑJE-rwo~}"° JG

 Å  » *	 b%
X1, X2, . . .













B1, B2, . . .
 c  08! ,+%
Bn = φ(Xn, Xn+1, . . .)











































i = 1, 2
¹GpqeMrmeulehgrOguplmoTrwtic[timlf~Ypkm°	U	l~flguVpe{poEgutilf~fnk[guVY[xe[CEnY[ok[










FNn,2(ω)(x) := P (Nn,2(ω) ≤ x)
°·¢pguV«guV[-VY[j}«l ¯ giVY[-podm[te[Á²gutrwoTe ¯ lmtuZ rOgiplmo
















f(U, V ) := F−1
Nn,2(V )
(U)
°0UWVYpqe ¯ nYoTk×guplmopqe M lmti[Z\[jrGenYtrw[G¹GrwoT~
eupoTk[
Xn := (Un, Vn,i)
pqeehgrOguplmoTrwticB[timlf~fpqk-p¤g ¯ lmlO¡+e¡p¤giV  À[Z\Z r¥y#°G\guVrwg
Nn,2(Vn,2) =
f(Un, Vn,i)










Dn,2(Nn) = g(Wn, Nn)













Bn = Vn+1,1 + Vn+1,2 + g(Wn+1, f(Un, Vn,2) + f(Un+1, Vn+1,1))
= P1(Xn+1) + P2(Xn+1) + g(P4(Xn+1), f(P3(Xn), P2(Xn)) + f(P3(Xn+1), P1(Xn+1)))
adpok[©}Ytilwv¦[Ck×giplGoe¹³rm~Y~Yp¤giplGoerwo~«klGZ\}TlEepgilmoe1l ¯ Z\[jrmeunYtrwY[ ¯ nYok×giplGoerwti[#lmok[-rwErwpoBZ\[CrOÁ
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Ý²â®Û¨à²Û'CÛhØ®òhÛ {((An(y))y∈Y ,Bn),−∞ < n < ∞} ÏÑàà>ÝÂÎiÝ±ÏÑÕ×ØOÎÔJèÛÔ>Ú×Õé®ÏÑòÔ²ÎiÝ±â®ÛhÔ"Ý²â®ÎØ {(An(In,1),Bn),−∞ < n < ∞} Ù"ÛhÔ±Û Y Ïãà"Î¨à®ÖCà²Û¦Ý	Õä IR Ù
ë	ë&Øihjklm
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P (Dk(r) ≤ x)P (Dl(s) ≤ y)dP (Nm ≤ r)dP (Nn ≤ s)
=P (Dk(Nm) ≤ x)P (Dl(Nn) ≤ y).
I¦o }rmtgipqknYqrwtC¹+guVYpqe¶Z\[CrwoeguVTrOg¶giVY[e[CGn[ok[
Dn+1,1(Nn,1(·))
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(1 − ρ1)2(1 − ρ2)2
+
R



















pe+~f[¬oY[j~¶po¶[CGnTrOguplmo»ª G®m­°M_BrmÃEpoY\ne[l ¯ ª±G­§mpm[je
IE[B2n] =IE
[







































































































































































=v21 + c1(j+1) + v1v2 + c12(j + 1) + λ2d2
(




+ v1v2 + c12(−j−1) + v
2
2 + c2(j+1) + λ2d2
(




v1v2 + c12(−j−2) + v
2
2 + c2(j+2) + λ2d2
(




v21 + c1(j+1) + v1v2 + c12(j+1) + λ2d2
(
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(1 − ρ1)2(1 − ρ2)2
+
R























































°§UWVY[UWV[lmti[Z ¯ lml®¡+eEc}YnYggipoY giVY[jeu[gi[tiZ e










(1 − ρ)(1 − ρ+ 2ρ1ρ2)





+4    
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ad[j[  J ¯ lGtrwo»rw}Y}YpqkrOgiplmol ¯ giVYpqeguVY[jlmticm° afpok[ r¥knehgilmZ\[tpo»r¶}lmpoYBeucdegu[jZ rmtutipdpoY¶rOg
EnY[jnY[
i






 ÉÀÉ   ½ptehg¥l ¯ rwoYlmgu[guVrwg¶guVY[Ë[¸f}T[Ck×gi[j~ e[jtudpqk[gipZ\[Ël ¯
N
knehgilmZ\[te¶rOg¶guVY[»eu[jklmo~
EnY[jnY[pqeWguVY[eunYZ l ¯ guV[ptpo~fpdp~Ynrw"eu[tidpk[xgupZ\[je+rmo~VY[jok[
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CÝÕ×äMÝ²ÛhÔ>ÍàÏÑà1é
®ÛÝ±Õ Nn,2(·) ÎØ®é
Nn+1,2(·) ÖwÛhÏÑØ®ÚÝ±Ô±ÛÎiÝ²Ûhé9à²ÛháwÛhÔ±ÎiÝ²ÛÐ èÙ 	Ð Ý²â®Õ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Dn+1,2(T )  Sn,1(T ) CÎØ®é Sn+1,1(T ) ÎÔ±ÛØ®ÕÝÀÎÐ æÀÎèjà³Õ×ÖÜjÏÑÕ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V1,1Vj+1,1 + V0,1Vj+2,1 + 2V0,2Vj+1,2











  8   3 8	658:9






v21 + c1(j+1) + v
2





2v21 + c1(j) + c1(j+2) + 2v
2
2 + 2c2(j+1)






v21 + c1(j+1) + v
2












+ ρ1(c1(j) − 2c1(j+1) + c1(j+2))














R2 + c1(j) + c2(j)
1 − ρ1
+ ρ1(c1(j−1) − 2c1(j) + c1(j+1))







kjrwo[{}nY[j~lGnfg	l ¯ guVY[§eunYZ\Z rOgiplGo#rwo~giVY[¨Ormtuplmne"kl®Ormtupqrwok[
¯ nYokguplmoe"kjrwo[Mklm[jk×gi[j~xgulGm[guVY[t{ª ¯ lGtÀ[¸YrmZ©}[G¹ ∑∞
j=1 γ


































































c1(j) + c2(j) +
ρ1
ρ2
(1 − ρ)2c1(j) +
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In,1 = Vn,1 + Dn,2 + Vn,2
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α  ρ1ρ2(1−ρ1)(1−ρ2) 
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di  ρi/(1 − ρi) 










i /(1 − ρi)
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γ  ρ21−ρ1 
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ρ  ρ1 + ρ2 
lErm~l ¯ giVY[¶eucdegu[jZ¥°ËUWVY[¶rmeienYZ\}fgiplGope-Z rm~f[guVYtilmnYGVYlmnYggiVrOg
ρ < 1/2
°
ρ̂  ρ1 = ρ2
p ¯ guVY[}rmtirmZ\[gu[jte[ggipoYEe ¯ lmtWgiVY[gh¡¨l EnY[jnY[jermtu[[jEnrw²°
R  v1 + v2
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ci(n)  IE[V0,iVn,i]−IE[V0,i]IE[Vn,i] 




c12(n)  IE[V0,1Vn,2] − IE[V0,1]IE[Vn,2] 
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